This report concerns a family, several members of which display an unusual type of calcification of joint structures and arteries, calcification and ossification of ligaments, and juxta-articular and periosteal new bone formation.
This report concerns a family, several members of which display an unusual type of calcification of joint structures and arteries, calcification and ossification of ligaments, and juxta-articular and periosteal new bone formation.
The full syndrome is a readily recognizable clinical entity and appears to be rare, since only two previous reports of similar cases have been traced in the literature. Magnus-Levy (1914) described a patient, a 47-year-old German female, who gave a history of recurrent attacks of painful joint swellings, starting in her teens in isolated fingers and later involving the hands and elbows. Each attack was followed by firm enlargement of the affected joints. She later developed intermittent claudication in the legs and evidence of heart failure. The joints of the fingers were enlarged, there was extensive thickening and tortuosity of the larger limb vessels, and radiologically there were calcifications in relation to the olecranon, patella, and finger joints, and the thickened vessels showed heavy calcification of an unusual pattern. Levitin (1945) reported the case of a 24-year-old American serviceman who complained of painful swelling of the joints of the hands and pain in one knee of 2 weeks' duration. He also had painless swelling of the finger joints and nodular thickening of the arteries of the limbs and the tongue, but there was no obvious abnormality of the peripheral circulation. The radiological changes closely resembled those in Magnus-Levy's patient.
Case Reports Case 1. A 47-year-old taxi-driver complained of attacks of painful swelling in the hands and feet, stiffness of the back, and pain in the calves on walking.
He gave a history that about 20 years ago he suddenly developed pain and swelling of the dorsum of the right hand with heat and redness of the overlying skin. Over the next few days the wrist and fingers became affected, the whole region being uniformly swollen. Moderate 15 spontaneous pain was present, and movement of the wrist and lingers was excruciatingly painful. The attack gradually subsided in about 4 weeks, leaving slight residual enlargement of the wrist and finger joints. Some months later, an identical attack occurred in the left hand and similar milder attacks were noted subsequently in the feet and on one occasion in the right elbow. He had not felt ill, and did not think that he had been febrile during these episodes. The attacks, always confined to one site, occurred at irregular intervals of about 2 to 6 months, and each attack left further joint enlargement in the affected region with some limitation of movement. During the past 10 years or so, the attacks had been much milder, involving one or sometimes two or three adjacent fingers, and small transitory painful lesions had developed at new sites, particularly over such bony prominences as the ischial tuberosities and heels, and once over the manubriosternal region. In addition, he had noted occasional aching in the larger joints, particularly the knees and shoulders.
About 10 years ago, following forcible extension of the spine in a road accident, he was troubled for a few weeks by aching in the thoracic region of the back, and since then had noted progressive stiffening of the back and neck and had developed a slight stoop. Only in the past few months had he had any further back pain, this time at the base of the neck. Some 2 years ago, pain typical of intermittent claudication developed in the calves, both being affected at the same time. The pain was initially brought on by walking about half a mile, but the pain-free distance has gradually decreased to about 100 yards, the progression of symptoms on the two sides being exactly parallel.
Although he had gradually lost about 2 stones (12 7 kg.) in weight since the first symptoms, his general health had remained good and he had no other symptoms. His only past medical history was of an attack of left-sided ophthalmic herpes zoster 11 years previously.
His sister, he said, had suffered similar attacks of painful swelling in the hands with residual enlargement of the finger joints. He knew of no other family history of similar disease.
Examination.-He was a healthy-looking, sparelybuilt man, who stood with about 30°total flexion deformity, due to a smooth, fixed lumbo-thoracic kyphos; ANNALS OF THE RHEUMATIC DISEASES he had between a quarter and a half of the normal range of neck movement. Chest expansion was 3 * 5 cm. The texture, temperature, and sweating of the skin of the extremities was normal. The joints of the fingers (Fig. la) showed striking bony enlargement, and around the fifth metacarpo-phalangeal and fourth and fifth proximal interphalangeal joints of the right hand, which had been the site of a mild flare-up some weeks previously, there was also slightly tender soft tissue thickening; the remaining hand joints were not tender. There was moderate mechanical limitation of finger movement but hand function was good. The first carpo-metacarpal joints were not enlarged, but their motion was slightly limited and accompanied by crepitus. The wrists showed moderate restriction of movement and there was a slight flexion deformity of the elbows. The sternoclavicular and manubriosternal joints were slightly enlarged and tender, and the movement of both shoulder girdles was slightly restricted. The toes were normal apart from dorsal subluxation of the outer metatarso-phalangeal joints on the left. The tarsi showed a valgus deformity and slight limitation of movement. There was slight bony enlargement of ankles and knees with crepitus on motion of the latter. Hip movement was full and painless, and straightleg raising was to 900 on each side. Both ischial tuberosities were slightly tender.
HEREDO-FAMILIAL VASCULAR AND ARTICULAR CALCIFICATION
Palpable nodular thickening of the radial, brachial, femoral, and left superficial temporal arteries was present; dorsalis pedis and posterior tibial pulses were absent on both sides, these vessels being impalpable. The retinal vessels appeared normal. Oscillometry showed greatly diminished pulsations in both calves and in the upper limbs the flush of reactive hyperaemia (Pickering, 1933) appeared at the tips of the digits of the left hand in 4 seconds, and at the tip of the right thumb in 5 seconds and of the right fingers in 7 seconds.
There was some pallor of the conjunctivae; no abnormality was noted in the viscera or lymph glands. Apart from anaesthesiae over herpes scars, in the left frontal region, no abnormality was detected in the nervous system. The hands (Fig. 2a) proximal phalanges. There was definite erosion of the heads of the left third, fourth, and fifth metatarsals, with probable narrowing of the fifth metatarso-phalangeal joint space. Calcification, of lesser degree but of the same type as the fingers, was visible in relation to several metatarso-phalangeal and interphalangeal joints, and faintly calcified vessels were visible in both first interosseous spaces. Irregular new bone was present on both medial cuneiform bones, and, in the lateral view, bony spurs were present on the plantar surface of each os calcis. Anterior and posterior tibial arteries on both sides showed heavy clumpy calcification. New bone was present on both femoral condyles ( Fig. 4a) , and faint spotty calcification in relation to the lateral compartment of the right knee. The striking feature of the films depicting the knee joints was, however, the gross clumpy calcification of both popliteal arteries, and the fainter calcification of an unusually tortuous long saphenous vein on the left side. Radiographs of the calves showed that the calcification continued in the anterior and posterior tibial and peroneal arteries. New bone formation was evident on the epicondyles of the left humerus, there were small soft tissue calcifications in relation to both elbow joints, and on each side the proximal portion of an interosseous artery was faintly calcified.
New bone was also present on the upper aspect of the right greater trochanter (Fig. 6a) ; the hip joints appeared normal. The pelvis was asymmetrical and was tilted backwards because of the kyphos, and both ilia appeared to be more vertical than normal, and to be thickened above the acetabulum. There appeared to be new bone formation over both ischial tuberosities, and, on the left, this partly surrounded a translucent area which may in part have resulted from bone erosion. The left sacro-iliac joint appeared fused, whereas on the right some joint space was retained, though the margins were sclerosed and irregular. A good joint space was visible at the symphysis pubis, where the appearances otherwise resembled those of the right sacro-iliac joint. Clumpy calcification was visible in vessels in the pelvis and upper thighs, probably the gluteal, femoral, and profunda femoris arteries and some of their branches; these vessels appeared rather wider than normal. The appearance of the lumbar spine on anteroposterior projection (Fig. 7) resembled the "bamboo spine" of advanced ankylosing spondylitis, but, in the lateral view (Fig. 8a ), in spite of extensive ligamentous ossification, there was none of the characteristic squaring of the vertebral bodies, and the vertebral plates appeared to be duplicated. The anterior aspect of the lower abdominal aorta was faintly outlined by a fine streak of calcification. Multiple small calcifications were visible in the upper abdomen, probably in visceral vessels. There was wedging of the eighth thoracic body (Fig. 9a ) and anterior osteophytosis of the adjacent bodies at the T8/9 space. The T9/10 space was fused anteriorly at, or just anterior to the disk margin. At the posterior ends of the disk spaces, there appeared to be bony continuity between most of the vertebral bodies. Calcification was visible in the disk substance of the T6/7 space and, in lesser degree, in the T9/10 and T1O/11 disks.
In the cervical spine the upper disk spaces were normal, but the C2/3 space was almost sealed anteriorly by beak-shaped overgrowths of the corresponding bodies, resembling osteophytes. At the site corresponding to these growths on the anteroinferior margin of the fourth cervical body, a small, oval amorphous calcification was lying in contact with the vertebra. Apart from slight spondylosis at the C7/TI level, the cervical spine appeared otherwise normal. Extensive clumpy calcification was visible in vessels, probably medium-sized arteries, in .the front of the lower neck.
The skull was normal. The pineal body was calcified. Multiple calcifications, probably within costal cartilages were seen on the radiograph of the chest but there was no definite calcification of the pulmonary vessels. Therewaserosion of several ribs, ofthe type seen in coarctation of the aorta. Fig. 9 (a).-Case 1, lateral radiograph of thoracic spine, showing wedging of 8th thoracic body, bony continuity between several vertebral bodies posteriorly, anterior osteophytosis at T8/9 and fusion at T9/10 spaces, and calcification in substance of disks T6/7, 9/10 and 10/11.
Examination.-She was a pale, well-nourished woman, bearing some facial resemblance to her brother, Case 1. Her hands (Fig. Ib) , which were of normal temperature, colour, and moisture, were strikingly similar to his, with even more marked non-tender enlargement of the finger joints, the asymmetrical bony excrescences in some cases extending beyond the joint limits; there was flexion deformity of the terminal interphalangeal joints of both fifth fingers, and moderate limitation, apparently mechanical, of the others. The metacarpo-phalangeal joints showed rather less bony enlargement than the interphalangeal joints, and there was slight rubbery soft tissue thickening of both. Slight bony enlargement of both first carpo-metacarpal joints was present, with some crepitus on movement. The lower ends of the right radius and ulna and of the left ulna to a lesser extent were enlarged, and there was slight limitation of wrist movement. The external condyle of the right humerus felt slightly enlarged; both elbows lacked 5-10°extension. Both shoulder girdles were considerably limited in movement, scapulo-humeral movement being full. In the feet there was a little slightly tender soft tissue thickening of the outer metatarso-phalangeal joints and additional slight bony enlargement of both first metatarso-phalangeal joints. The bases of the first and fifth metaiarsals on each side were enlarged. The tarsi were normal, but there was slight limitation of movement at the right ankle. The right Achilles tendon was a little thickened and tender, and there were palpable bony spurs on each os calcis lateral to the insertions of the Achilles tendons. The bones around both knee joints felt rather prominent and were generally tender, and there was palpable irregularity of the upper outer aspects of both patellae. Terminal knee flexion was slightly painful on both sides. Hip movement was full and painless. The lumbar spine was somewhat straightened and there was a slight thoracic kyphos. In the thoracic and lumbar regions, the range of movement was between a quarter and a third of normal, and in the cervical region, rotation was about a quarter of normal, movements in other directions being much less restricted. Chest expan-HEREDO-FAMILIAL VASCULAR A ND A RTIC ULA R CALCIFICATION N The brachial pulse was absent in the left antecubital fossa, and a finely nodular cord was palpable at the usual site of the artery. Both radial pulses were of poor volume, and the femoral and ankle pulses were absent, but these vessels were not palpably thickened. Other pulses and vessels appeared normal. Oscillometry revealed greatly diminished pulsations in both thighs, and the flush of reactive hyperaemia was delayed in all the fingers and in the left thumb.
There was slight conjunctival pallor and a little cyanosis of the lips and nail beds. There was no atrophy of the skin or significant lymphadenopathy. The heart was clinically slightly enlarged to the left, and a soft apical systolic bruit was heard. There was neither venous engorgement nor oedema, and the lungs and abdomen showed no significant abnormality. The feet were pink and the toes warm and rather dry. Cutaneous sensation was impaired over the right forefoot and in the tips of the toes on the left, and vibration sense was also slightly impaired over the right great toe. Slight wasting of the muscles of the right thigh was present without notable weakness. No other abnormality of the nervous system was detected.
Radiographs of the hands (Fig. 2b) showed changes identical with those in Case 1, but more severe. The feet (Fig. 5b) showed similar but more extensive periarticular calcifications and slight porosis of the outer metatarsal heads. No calcification was visible in the metatarsal vessels. The knees (Fig. 4b) showed a little soft tissue calcification in the region of the femoral capsular attachments and severe arterial calcification, which continued in similar degree in the left anterior tibial artery as far as the ankle and in other calf vessels to a lesser extent. Faint calcification was visible in a tortuous right saphenous vein.
There was a little fluffy new bone on the outer aspects of both greater trochanters and anterior superior iliac spines (Fig. 6b) , but the sacro-iliac and hip joints appeared normal. The pelvis showed a lesser degree of asymmetry of the type seen in Case 1. Heavy clumpy calcification was visible in the iliac, femoral, and profunda femoris arteries, which appeared widened, and in some of their larger branches.
The lumbar spine (Fig. 8b ) appeared somewhat porotic with large disk impressions and small osteophytes on several vertebral bodies, but there was none of the bridging and gross ligamentous ossification seen in Case 1. The abdominal aorta was not calcified, but clumpy calcification was visible in two vessels in the upper abdomen, probably the left renal and gastro-duodenal arteries.
Calcified deposits were visible at the margins of most of the disk spaces in the thoracic region of the spine (Figs 9b and 10) ; in some situations these lay internal to osteophytes, and several of the deposits appeared to be unconnected with vertebral bodies. The appearances suggested that the deposits had occurred in the outer layers of the annulus fibrosus and there appeared to be a small deposit also in the substance of the T8/9 disk.
The heavy calcifications lateral to the spine in Fig. 10 were in costal cartilages and no abnormal calcification was visible in the lung fields. Faint spotty and linear calcifications were visible in the arch and upper part of the descending thoracic aorta.
In the neck, the hyoid bone, and thyroid and cricoid cartilages, and the anterior aspect of the lower trachea were calcified. The lower disk spaces were slightly narrowed, with spotty calcification, and there was osteophytosis of the lower vertebral bodies. Spotty calcification was also present in several vessels, probably arteries, in the front of the neck.
Radiographs taken 16 months previously showed that several of the calcifications about the finger joints had increased appreciably in size while others had decreased; there had been no definite change in the radiographic appearances of the feet or pelvic vessels. . Some manifestations of the familial disease were found in two brothers of the original patients, and in two children of Case 2. Brief records of these four cases are given below.
Case 3, the elder brother, aged 54 years, had always enjoyed good health.
Examination.-The only abnormalities noted were slight tortuosity and doubtful thickening of the right brachial, radial, and both posterior tibial arteries and mild hypertension. Radiographs disclosed no significant abnormality in the hands, feet, pelvis, or lumbar and cervical regions of the spine. Spotty calcification, much less dense than in Cases 1 and 2 was visible in the popliteal, posterior tibial, and proximal portions of the peroneal arteries on each side, and in the left first metatarsal artery.
Case 4, the eldest brother, aged 60 years, gave a history of recurrent attacks of low back pain since the age of 40 years and of angina of effort in the past 2 years.
Examination.-Severe hypertension and striking tortuosity and thickening of the right superficial temporal and right brachial and, to a lesser extent, of the left d. The change in severely affected arteries, as might be expected from the radiological appearances, appears to be of a distinctive type. Levitin (1945) , who biopsied a posterior tibial artery in his patient, found the media and intima fibrosed and grossly distorted with bizarre calcified patches containing deeply acidophilic hyaline bodies or granules usually embedded in the calcified plaques which projected into a considerably natrowed lumen. Occasional smaller deposits were also present in the adventitia. This patient was the only one of the four showing the full syndrome who was without intermittent claudication, in spite of heavy calcification of all the main arteries of his lower limbs.
Calcification of the arteries and around the joints but sparing the viscera, the common site of metastatic calcification, has been described in association with advanced renal failure (Albright and others, 1937; Hubbard and Wentworth, 1921) , but both these cases showed evidence of hyperparathyroidism and grossly abnormal biochemical findings in the blood, and neither showed any overgrowth of bone. None of the three patients with this syndrome so investigated showed evidence of metabolic disturbances of this kind, which implies that the calcification is of the dystrophic variety, that is, secondary to a primary disturbance in the tissues.
The syndrome can be distinguished both by its natural history and by the anatomical location of the deposits from the other well-recognized forms of dystrophic calcification divided by Steinitz (1931) , on clinical grounds, into the two categories of calcinosis universalis and calcinosis circumscripta. The former occurs most frequently in children, and extensive calcium deposition is found in the skin, subcutaneous tissues, muscles, fasciae, and tendons, usually associated with the development of joint contractures and ulceration of the superficial deposits. Its prognosis is grave, the patient usually succumbing to intercurrent infection after a prolonged enfeebling illness (Brooks, 1934) , although remission and recovery do occasionally occur (Weber, 1914; Kennedy, 1932; Craig and Lyall, 1931) . In calcinosis circumscripta, mainly a disease of adult women, deposits occur most commonly in the skin and subcutaneous tissues of the upper limbs, especially of the fingers, but without particular relation to joints; it is commonly associated with reduced circulation in the extremities and sclerotic changes in the fingers.
Localized calcifications of tendino-capsular structures around joints, particularly the shoulder joint, are occasionally encountered; similar deposits have been noted less frequently at other sites, such as the wrist and finger joints, and sometimes at several sites in the same patient (Maseritz, 1935; Sutro and Cohen, 1941; Cooper, 1942; Vasko, 1946; Seidenstein, 1950) . Hamilton (1951) suggested the descriptive title calcinosis localisata for this condition; the deposits may be asymptomatic, but are often revealed in radiographs taken to investigate acute painful swelling of the affected parts, the radiographic appearances resembling a minor form of the joint changes seen in the patients described above.
In calcinosis localisata, however, the deposits frequently disappear after these acute episodes; this disease seems to have no familial incidence nor does vascular calcification occur in association with it. Conclusion
The familial syndrome of calcinosis of the joints and arteries here described is remarkable in that the calcinosis is associated with periosteal bone proliferation and ossification of ligaments. It is therefore best regarded as a distinct entity until the mechanisms of dystrophic calcification are more fully understood.
Dystrophic calcification is probably due to a specific change in connective tissues, but it is not clear which connective tissue elements are concerned, and the nature of the disturbance is unknown. Future studies on the tissues of these patients may help to elucidate the problems of the site and mechanism of abnormal calcification and ossification in connective tissue. Summary In a family resulting from the marriage of first cousins, two of the four siblings display calcification of joint structures and arteries of an unusual type together with juxta-articular and periosteal new bone formation.
The son and daughter of one of these and the remaining two siblings appear to have a milder form of the syndrome affecting the blood vessels only.
The disease appears to be a rare and distinct heredo-familial form of dystrophic calcification. 
